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Abstract 
As As federal federal programprograms s are held mare held moore accountre accountable able for tfor their research heir research 
invinvestestmmenentts,  s, The The NatNatiional onal IInstnstititutute of Enve of Enviironmeronmentntal al HealtHealth h  
Sciences Sciences (NI(NIEEHS) HS) has devhas developeeloped d a new ma new metethod hod tto quanto quantifyify t the he 
imimpact  pact of our of our funded funded research research on ton the scienthe scientific ific and broader and broader 
cocommmmuuninititieess. . 
A  A pilotpilot v veersion rsion of tof the he assessmassessment  ent ttool ool was devwas developed eloped for NIfor NIEHS.  EHS. 
IIdeallydeally t the the tool will ool will becombecome e avavailablailable e tto o  all all NINIH H ExExttrramamural ural StStafaff.f.     
ARIARIAA includes  includes new new ststatatististiics tcs thathat science  science mmanagers anagers can use tcan use too   
benchmbenchmark contark contributributions ions ttoo   researresearch by  ch by funding source.funding source. This  This new new 
mmetethod hod provprovides ides tthe he abilitabilityy t t  o o conductconduct aut automomatated ed imimpactpact analy analysses of es of 
federal federal research research tthathat can be inco can be incorporatrporated in ed in programprogram ev evaluataluations.  ions. 
WW  e e apply  apply ARIARIAA t t  o o sevseveral eral case stcase studies udies tt  o o exexamamiine ne tthe imhe impact  pact of of 
NINIEHS EHS funded research,  funded research, propose a propose a numnumber ber of of questquestiions tons that  hat tthe he 
new mnew meetthod raises,hod raises, and discuss st and discuss strengtrengths hs and weakand weaknesses nesses of of tthe he 
approach.  approach. 
OOn balance,  n balance, we believwe believee t that  hat tthe sthe strengtrengths ouths outweigh weigh tthe limhe limititatations ions 
and and tthat  hat ARIARIA  A representrepresents anots another ther tool tool that  hat NINIH H can use can use tt  o o describe describe 
imimpactpacts  s of itof its research s research invinveeststmmententss. . 

Evaluation Context at NIEHS 

•• WWee getget mmanyany questions about portfquestions about portfolios: olios: 
•• AAbout: bout: mmethods, approaches, ethods, approaches, results, imresults, impactspacts 
••	 From: From: programprogram of offficers, icers, ExtramExtramural Division ural Division leadershipleadership

NIEHS leadership, NIEHS leadership, NIH, NIH, HHS, reporters, HHS, reporters, externalexternal 
stakstakeholders, etc.eholders, etc. 

•• Logic mLogic models help us odels help us look  look beybeyondond simsimple output mple output metricsetrics to to 
think about long termthink about long term imimpacts.pacts.1-1-33 

Logic Model – organized, project specific, informs metrics 

• Inputs – resources available 

• Activities – actions that use available resources 

• Outputs – direct products of activiti  es 

• Impacts – benefits   or changes resulting from  activities, outputs 

•• TTyypicallpicallyy evaluationsevaluations startstart wwithith NIH grantNIH grant programprograms and looks and look   
prospectivelyprospectively ffoor imr impact. pact. 

•• TThis tool provides an automhis tool provides an automatedated wwayay to to startstart wwithith programprograms s 
wwee kknow  now have hadhave had high imhigh impact pact and look  retrospectivelyand look retrospectively ffor or 
NIH infNIH influence.luence. 

Premise 

••	 TTechnology  echnology exists at exists at NIH (SPIRES) NIH (SPIRES) to automto automate ate analyanalysis sis ofof   
ffunding sources associated unding sources associated wwith ith a list a list ofof   refreferenceserences 
••	 SScientcientifific Pic Publicatublication ion IInfnformormatation Retion Retrrieval &ieval & E Evvaluataluation ion SSyyststemem44 

••	 CCrawrawlls Ps PubMubMed ed and mand maattcches hes ttoo NI NIH GrantH Grantss 
••	 PProvides infrovides infoormrmatation ion ttoo QV QVR,R, ReP RePOORRTTEERR and has and has itits ows own UIn UI 

••	 Bibliography  Bibliography ofof   an “iman “important artifportant artifact” act” is is an untapped an untapped 
resource fresource for or assessing imassessing impactspacts 
••	 ““IImmportportant  ant artartiiffaactct” = a ” = a documdocumentent f frromom   a a credible  credible source source tthat  hat is is 

plausiblyplausibly connect connected ed tto  o NINIEEHHSS//NINIH researchH research 

••	 ArtifArtifacts include:acts include: 
••	 DocumDocumentation ofentation of   policypolicy/regulat/regulatorory  y decisionsdecisions 
••	 Clinical and Clinical and treatmtreatment ent guidelines guidelines 
••	 Major decision Major decision or guidance or guidance documdocuments ents 
••	 RefReference werence workorks s ffromrom   authoritative authoritative sourcessources 

ARIA Process (Pilot) 
User Actions: 

1.  Access ARIA 
Tool 

2. Select “Enter 
list of  
References” 

3. Provide Job 
Title 

4. Enter Email 

5. Add references (1 per line) 

6. Hit upload button 

7. Results load in job grid – 
status colum  n indicates 
progress 

8. Download file 

In the Background: 

1. Imports list  of references 

2. Extracts title, author, and year 
from original reference into 
separate fields 

3. Searches title, author, and year 
in PubMed and looks for PMID 
Three separate parsers used to match 
with PubMed. Be  st results used. 

4.  If PMID found, looks for NIH 
Grant # 

5. Generates multi-tab MS Excel 
report with raw data and 
novel statistics about 
NIH project support 

Raw Data Output 

•	  Raw data designed so user can  easily 
recalculate metrics 

•	 Original reference provided in right 
column 

•	 Indicates if  k  ey criteria are met and 
included in automated analysis 
•	 Title / author / year found 
•	 Published since 1980 
•	 PMID found 
•	 Analyz  ed by ARIA 

•	 Shows exactly what the parsers search 

•	 Provides PMID, Confirmed projects 

•	 Lists potential project matches (not 
included in summ  ary statistics) 

ARIA’s  Novel Metrics of NIH Investment and Case Studies 

Objective Metrics 

 Evidence of NIH 
investment 

 Total # and % of 
 references that 

acknowledge NIH 
Project 

 Evidence of ICO 
investment 

 Total # and % of 
 references that 

acknowledge an 
ICO Project 

Relative 
 investment of ICO 

 compared to the 
rest of NIH 

% of NIH 
 references from 

ICO 

Distribution of  
 investment 

across NIH and 
ICO projects 

 Total # NIH/ICO  
projects referenced 

Summary Output
   Automated Research Impact Assessment Metrics 

Arti facts 

 2010 EPA  2009 EPA  2012 EPA 
Carbon Particulate  Lead (Pb) 

 Monoxide Matter ISA5 ISA7 
ISA6 

Total # of references submitted  3,483 179 625 
Total # of references that could not be  
analyzed 1,517 28 238 

Title, author or year not be determined   2 0 31 
PMID could not be determined  1,502 24 198 
Published before 1980 13 4 9 

Total # of references that are analyzable  1,966 151 387 
Total # of references that acknowledge an NIH   
Grant 467 58 12 
Total # of references that acknowledge an  
NIEHS Grant 357 16 11 
% of references that acknowledge NIH  
funding 

(467/1966) 
24% 

(58/151) 
38% 

(12/387) 
3% 

% of references that acknowledge NIEHS 
funding 

(357/1966) 
18% 

(16/151) 
11% 

(11/387) 
3% 

% of NIH references from ES   
(357/467) 

76% 
(16/58) 

28% 
(11/12) 

92% 
 NIEHS = National Institute of Environmental Health Sciences 

We examined references for three 
Integrated Science Assessments available 
electronically from  the Environmental 
Protection Agency. 

Criteria for “important artifacts” 
•	 Plausible – NIEHS   reasonably 

expected t  o influence the artifact 
•	 Credible – Artifact   published by a 

trustworthy source 
•	 Important – makes a signifi  cant 

contribution t  o the field of  
environmental health science 

Observations 
•	 Wide range of references supported  by 

NIH 
•	 % NIEHS/NIH  support also ranges 

widely 
•	 Many references  not “parsable” 

•	 More work needed on this,   but 
matching to PubMed is good 

•	 When a reference is analyzed mo  st 
likely   “gray lit” or books 

DISCUSSION 

Questions: Questions: 
••	 WWhat does hat does it it mmean? ean? 
••	 Is Is there a critical mthere a critical mass ass ofof   refreferences that are needed erences that are needed in in order order 

to to have a credible have a credible analyanalysis? sis? 
••	 Can Can wwe determe determine “benchmine “benchmarkarkss”” ffor or specifspecific ic ffields ields or or tytypes pes ofof   

artifartifaacts?cts? 

Strengths: Strengths: 
••	 AutomAutomated –ated – rrequires equires a fa frraction action ofof   the timthe time  e needed needed ffor or mmanual anual 

analyanalysissis 
••	 AbilityAbility to  to examexamine ine long-termlong-term   imimpactspacts 
••	 MMakakes es use use ofof   existing, existing, readilyreadily available inf available informormation ation sourcessources 
••	 RelativelyRelatively sim simple ple to to imimplemplementent 
••	 Could be available Could be available to all to all ofof   NIHNIH 

Limitations: Limitations: 
••	 Not all Not all artifartifacts acts have a bibliography  have a bibliography (law(laws, s, policies)policies) 
••	 ImImproperly  properly sourced refsourced references erences (getting better (getting better wwith ith recent recent NIH NIH 

requiremrequirements)ents) 
••	 Not Not all all journals included in journals included in PubMedPubMed 
••	 RefReference merence might ight not support not support the the ffindings (e.g. retraction/ indings (e.g. retraction/ 

rebuttals)rebuttals) 
••	 Parser imParser imperfperfect. ect. For examFor example, deeper analyple, deeper analysis sis ofof   one ARIA one ARIA 

reportreport88 ffound ound that, ofthat, of   129 ref129 references not analyerences not analyzzed ed by  ARIAby ARIA 
•• 14 (11%) published 14 (11%) published befbefore 1980ore 1980 
••	 55 (43%) w55 (43%) were ere “reasonable” “reasonable” –– bookbooks s abstracts, gray  abstracts, gray 

literature, literature, non-english, non-english, or or a thesis and thus not a thesis and thus not liklikely  ely to to 
be in be in Pub Med. Pub Med. 

•• 60 (47%) unk60 (47%) unknownown n errorserrors 

Future Directions 
••	 HopingHoping to expandto expand pilot pilot to broadento broaden accessaccess to to all ofall of  NIH via NIH via 

SPIRESSPIRES 

••	 MMetrics needetrics need vettingvetting and discussion and discussion wwithinithin NIH NIH analyanalysissis 
comcommmunity to assessunity to assess utility  utility and and mmeaningeaning ofof results results 

••	 PotentialPotential algorithmalgorithm enhancemenhancements:ents: 
••	 FFiltilterer outout duplicatduplicateses 
••	 AAllowllow useruser ttoo iimmportport aa comcombinatbinationion ofof rrefeferenceserences andand PPMMIIDDss 
••	 TTrackrack ititeraterationsions ofof requestrequestss 
••	 IImmpproverove parserparser ccapacitapacityy ((e.e.gg..,, aa comcommmoonn eerrorrror isis ttoo iinntteerprrpreett aauutthorshors 

asas tthehe ttititle,le, preventpreventinging possiblepossible mmatatchch ttoo PPubMubMeded record)record) 
••	 WWee hahavvee alreadyalready adaddedded aa ffiltilterer ttoo tthehe yyeearar ssoo tthathat lletetttersers (e.(e.g.g. 

2001a)2001a) areare rrememovedoved 
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